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(57) [Abstract] 

[Technical problem] In a flexible display, audio playback is enabled 



without spoiling flexibility and lightweight-izing and thin shape- 
ization are enabled. 

[Means for Solution] It is the image display device which contains the 
thin film loudspeaker which has flexibility. A thin film loudspeaker 
uses for example, a piezoelectric film as a diaphragm, and sticks an 
electrode sheet on the both sides. The thin film loudspeaker may have 
the opening between substrates. It is applied to various flat-panel 
displays, such as a liquid crystal display, a plasma display (PDP), an 
organic electroluminescence display (organic electroluminescence), and a 
field emission display (FED). 
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CLAIMS 



[Claim (s)] 

[Claim 1] The image display device characterized by building in the thin 
film loudspeaker which has flexibility. 

[Claim 2] The above-mentioned thin film loudspeaker is an image display 
device according to claim 1 characterized by using a piezoelectric film 
as a diaphragm. 



[Claim 3] The above-mentioned thin film loudspeaker is an image display 
device according to claim 2 characterized by sticking an electrode sheet 
on both sides of a piezoelectric film. 

[Claim 4] The image display device according to claim 3 characterized by 
the sheet resistance of the above-mentioned electrode sheet being below 
lOohms / **. 

[Claim 5] The image display device according to claim 1 characterized by 
the thickness of the above-mentioned thin film loudspeaker being 1cm or 
less. 

[Claim 6] The image display device according to claim 1 characterized by 
coming to arrange a pixel and said substrate having flexibility on a 
substrate. 

[Claim 7] The image display device according to claim 6 characterized by 
the above-mentioned substrate consisting of plastic film. 
[Claim 8] The image display device according to claim 6 characterized by 
having an opening between the above-mentioned thin film loudspeaker and 
the above-mentioned substrate. 

[Claim 9] Spacing of the above-mentioned thin film loudspeaker and the 
above-mentioned substrate is an image display device according to claim 
8 characterized by being 1cm or less. 

[Claim 10] The above-mentioned pixel is an image display device 
according to claim 6 characterized by being constituted by the organic 
electroluminescent element. 

[Claim 11] The above-mentioned organic electroluminescent element is an 
image display device according to claim 10 characterized by coming to 
carry out the laminating of the 1st electrode, an organic luminous layer, 
and the 2nd electrode one by one at least. 

[Claim 12] The image display device according to claim 11 characterized 
by allotting the electron hole transportation layer to the electrode 
side used as the anode plate of the above-mentioned organic luminous 
layer. 

[Claim 13] The image display device according to claim 11 characterized 
by allotting the electronic transportation layer to the electrode side 
used as the cathode of the above-mentioned organic luminous layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the flexible display 
using the substrate which has flexibility especially about an image 
display device. 
[0002] 

[Description of the Prior Art] In recent years, research on the flexible 
display using flexible substrates, such as plastics, is advanced. The 
flexible display board which carried out the laminating of a gas barrier 
layer or the transparence conductive layer to transparence plastic film, 
for example in JP, 2000-338901, A etc. as a substrate of this flexible 
display is indicated. The flexible display has a predominance in 
lightweight nature, thinness, flexibility, etc. as compared with the 
display which used the conventional glass substrate, and even if 
convenient to carry and the wall to fix are curved surfaces, it has 
advantages, such as being satisfactory. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, when using such a 
flexible display as an image display device-cum-a speech generation 
device which reproduces voice with an image like a television receiver, 
the loudspeaker which is sound equipment for generating voice is 
required. 

[0004] Here, as a conventional loudspeaker configuration, although the 
so-called funnel-like cone mold, a spherical-surface-like dome mold, etc. 
are common, when it is going to build these loudspeakers in an above- 
mentioned flexible display, there is a possibility of spoiling the 
lightweight nature and flexibility which are the advantage of a flexible 
display. Moreover, when a loudspeaker is made external, carrying etc. is 
troublesome and there is also a possibility of installing in a curved- 
surface-like wall becoming difficult and spoiling a fine sight. 
[0005] This invention is proposed in view of this conventional actual 
condition, and it aims at offering the loudspeaker built-in image 
display device (flexible display) in which lightweight-izing and thin- 



shape-izing are possible, without spoiling flexibility. Moreover, this 
invention is easy to carry and it aims at offering the image display 
device (flexible display) which can be installed also in a curved- 
surface-like wall. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, the image display device of this invention is characterized by 
building in the thin film loudspeaker which has flexibility. A thin film 
loudspeaker is lightweight and thin while it has flexibility. By making 
the thin film loudspeaker which has such a description rival in an image 
display device (flexible display), flexibility is maintained, image 
display is possible and the image display device which can also 
reproduce audio is realized by coincidence. Moreover, taking advantage 
of the advantage of being thin, lightweight-izing and thin-shape-izing 
of a display with a built-in loudspeaker are attained by the light 
weight of a thin film loudspeaker. Since the image display device of 
this invention contains the thin film loudspeaker and it is not 
necessary to make a loudspeaker external, carrying is easy. Furthermore, 
since the flexibility of the image display device itself is maintained, 
it can install in a curved-surface-like wall etc. 
[0007] 

[Embodiment of the Invention] Hereafter, the image display device which 
applied this invention is explained to a detail, referring to a drawing. 
In addition, although this invention can be applied to various flat- 
panel displays, such as a liquid crystal display, a plasma display (PDP), 
an organic electroluminescence display (organic electroluminescence), 
and a field emission display (FED), an organic electroluminescence 
display is made into an example and it explains it here. 
[0008] Generally the organic EL device used for an organic 
electroluminescence display is constituted considering the transparent 
electrode layer on the transparence substrate which has light 
transmission nature, the organic luminous layer which is formed on this 
transparent electrode layer and consists of an organic 
electroluminescence ingredient, and the cathode electrode layer further 
formed on this organic luminous layer as a fundamental component, and 
since it has the descriptions, like visibility is high because of a 
spontaneous light type, it attracts attention as a light emitting device 
in various displays. In this organic EL device, the electron hole and 
electron which were poured in from each electrode by the energization to 
these transparent electrode layer and a cathode electrode layer 
recombine within an organic luminous layer, and produce luminescence 



with the energy at this time. Since said luminescence is light emitting 
diode and similar impregnation luminescence, it is the description that 
a luminescence electrical potential difference is as low as less than 
[ 10V ]. 

[0009] Drawing 1 and drawing 2 show an example of the flexible display 
which applied this invention. This flexible display makes the thin film 
loudspeaker 3 come to rival in the both-sides section of the 
transparence substrate 1 with which laminating formation of the pixel 
display layer 2 was carried out. The thin film loudspeaker 3 vapor- 
deposits the electrode layers 3b and 3c which become both sides of piezo 
film 3a from aluminum etc., and has good flexibility in itself. Thus, 
since the transparence substrate 1 or not only the pixel display layer 2 
but the thin film loudspeaker 3 has flexibility, flexibility good as a 
whole is maintained, and the flexible display of this example is 
lightweight, and is thin, and can be stuck on a curved-surface-like wall 
etc. 

[0010] The above-mentioned thin film loudspeaker 3 vapor-deposits the 
electrode layers 3b and 3c which consist of aluminum etc. as shown in 
both sides of piezo film 3a shown in drawing 3 (a) at drawing 3 (b), as 
stated also in advance. Piezo film 3a is one sort of the piezoelectric 
film to which the configuration is changed by impressing an electrical 
potential difference. Here, as for piezo film 3a to be used, it is 
desirable from playing the role of the diaphragm of a loudspeaker a 
lightweight thing, especially that thickness is a low consistency thinly. 
If piezo film 3a is heavy, the imitation nature in a high frequency will 
worsen. Therefore, PLZT (Pb-La-Zr-Ti system electrostrictive ceramics), 
the electrostrictive ceramics of LiNb03 and Bil2Si20 grade, etc. can be 
used for piezo film 3a. The outstanding loudspeaker of a property can be 
obtained by forming these electrostrictive ceramics in a uni-morph mold 
or a bimorph mold at the thin film of glass or plastics. 
[0011] Moreover, it is required that the electrode layers 3b and 3c 
formed as an electrode should have a good electrical property, and 
electric resistance should be low. Specifically, it is desirable to make 
the electric resistance of these electrode layers 3b and 3c into below 
lOohms / **. If electric resistance is higher than this, driver voltage 
will go up by the voltage drop, and it will become low effectiveness. 
[0012] On the other hand, as shown in drawing 4 , on the transparence 
substrate 1 which has flexibility, the pixel display 2 is constituted by 
carrying out sequential membrane formation of the transparent electrode 
layer 21, the organic electroluminescence layer 22, and the cathode 
electrode layer 23, and these each class is covered in the gas barrier 



layer 24, and it is protected from moisture, corrosive gas, etc. The 
transparence substrate 1 consists of transparence plastic material, such 
as a polycarbonate and polyethylene terephthalate (PET), etc., and has 
good flexibility. The above-mentioned transparent electrode layer 21 is 
formed by forming membranes on this, for example, forming an indium 
oxide tin (ITO) thin film by the spatter. 

[0013] The organic electroluminescence layer 22 is made into the three- 
tiered structure as shown in drawing 5 , and it consists of electronic 
transportation layer 22c allotted to the side which touches electron 
hole transportation layer 22a allotted to the side which touches the 
above-mentioned transparent electrode layer 21, organic luminous layer 
22b, and the above-mentioned cathode electrode 23. In addition, in the 
above-mentioned configuration, the buffer layer may be formed between 
the organic electroluminescence layer 22 and the cathode electrode 23. 
It is formed by forming for example, Li20 by about several angstroms 
thickness, and this buffer layer can lower luminescence starting 
potential by this buffer layer. 

[0014] Electron hole transportation layer 22a plays the role of 
conveying the electron hole poured in from the transparent electrode 
layer 21 to organic luminous layer 22b, among the organic 
electroluminescence layers 22. As an electron hole transportation 
ingredient used for this electron hole transportation layer 22a Each 
well-known thing is usable. Benzine, a styryl amine, A triphenylamine, a 
porphyrin, triazole, an imidazole, OKISA diazole, the poly aryl alkane, 
a phenylenediamine, arylamine, oxazole, an anthracene, and full — me — 
non, a hydrazone, and a stilbene — Or the monomer of heterocycle type 
conjugated system, such as a polys i lane system compound, a 
vinylcarbazole system compound, a thiophene system compound, and an 
aniline system compound, oligomer, a polymer, etc. are usable in these 
derivatives and a list. As a concrete compound, alpha-naphthylphenyl 
diamine, a porphyrin, A metal tetra-phenyl porphyrin, metal 
naphthalocyanine, 4 and 4, 4-tris (3-methylphenyl phenylamino) 
triphenylamine, N, N, N, and N-tetrakis (p-tolyl) p-phenylene diamine, 
Although the N, N, N, and N-tetra-phenyl 4, 4-diamino biphenyl, N-phenyl 
carbazole, a 4-G p-tolylamino stilbene, Pori (PARAFENIREMBINIREN) , Pori 
(thiophene vinylene), Pori (2 and 2-thienyl pyrrole), etc. can be 
mentioned Of course, it is not limited to these. 

[0015] The ingredient used for organic luminous layer 22b moves that a 
cathode side to an electron can be poured in for an electron hole again 
and the poured-in charge, i. e. , an electron hole, and an electron from 
an anode plate side at the time of electrical-potential-difference 



impression, if conditions, like that the place which can recombine these 
electron holes and an electron can be offered, and luminous efficiency 
is high are fulfilled, you may be what kind of thing, for example, 
organic materials, such as a low-molecular f luorochrome, a macromolecule 
of fluorescence, and a metal complex, etc. will be mentioned. 
Specifically as such an ingredient, an anthracene, naphthalene, a 
phenanthrene, a pyrene, a chrysene, perylene, a butadiene, a coumarin, 
an acridine, a stilbene, a tris (8-quinolinolato) aluminum complex, a 
screw (benzo quinolinolato) beryllium complex, the Tori (dibenzo 
ylmethyl) phenanthroline europium complex, a JITORUI ruby nil biphenyl, 
etc. can be mentioned. 

[0016] Electronic transportation layer 22c conveys the electron poured 
in from the cathode electrode 23 to organic luminous layer 22b. As an 
usable electronic transportation ingredient, a quinoline, perylene, bis- 
styryl, pyrazines, or these derivatives can be mentioned to electronic 
transportation layer 22c. As a concrete compound, 8-hydroxy kino RINARU 
minium, an anthracene, naphthalene, a phenanthrene, a pyrene, a chrysene, 
perylene, a butadiene, a coumarin, an acridine, stilbenes, or these 
derivatives can be illustrated. 

[0017] In order to pour an electron into the above-mentioned cathode 
electrode 23 efficiently, it is desirable to use an electrode material 
(metal) with the small work function from vacuum level. Specifically, a 
metal with small work functions, such as aluminum, an indium, magnesium, 
silver, calcium, barium, and a lithium, is used alone. Or these metals 
may be used for stability as an alloy with other metals, raising. 
[0018] Electron hole transportation layer 22a which constitutes the 
above-mentioned organic electroluminescence layer 22, organic luminous 
layer 22b, electronic transportation layer 22c, and the cathode 
electrode 23 can be formed with a vacuum deposition method. 
[0019] It is prepared for securing the dependability of a drive of an 
organic EL device, and preventing degradation of an organic EL device, 
and the above-mentioned gas barrier layer 24 closes an organic EL device, 
and has the function which intercepts oxygen and moisture. Therefore, it 
is required for it to be possible to maintain airtightness as an 
ingredient used for the gas barrier layer 24, and, specifically, silicon 
oxide, silicon nitride, an aluminum oxide, alumimium nitride, etc. can 
be mentioned. 

[0020] If the organic EL device which has the above configuration is 
arranged in the shape of a matrix on a substrate and this is 
alternatively driven as a pixel, image display will be possible and a 
spontaneous light type image display device will be built. 



[0021] By the way, although you may stick so that the thin film 
loudspeaker 3 and the transparence substrate 1 may stick like the above- 
mentioned example when attaching the above-mentioned thin film 
loudspeaker 3, it is also possible to give an opening between the 
transparence substrates 1. Since piezo film 3a which is a diaphragm 
becomes easy to vibrate by this and it becomes a low-battery drive, the 
effectiveness as a loudspeaker can be gathered. Drawing 6 shows the 
example which had a predetermined opening and stuck the thin film 
loudspeaker on the transparence substrate 1. 

[0022] Also in this example, the pixel display 2 is formed on the 
transparence substrate 1, and although the point that the thin film 
loudspeaker 3 is stretched by the both-sides section is the same as a 
previous example, as shown in drawing 6 (b) and drawing 6 (c), it 
differs that the opening 4 is formed between the thin film loudspeaker 3 
and the transparence substrate 1. Here, as for this opening, it is 
desirable that it is 1cm or less. When an opening is too large, there is 
a possibility of spoiling flexible nature and portability. 
[0023] As mentioned above, although the example of the image display 
device which applied this invention has been explained, it cannot be 
overemphasized that this invention is not what is limited to these 
examples. For example, although each above-mentioned example is an 
example applied to the organic electroluminescence indicating equipment, 
as stated also in advance, it is applicable to flat displays at large, 
such as a liquid crystal display, a plasma display (PDP), and a field 
emission display (FED). Moreover, it is arbitrary also about the 
structure of a pixel display or a thin film loudspeaker, and the quality 
of the material. 
[0024] 

[Effect of the Invention] According to this invention, it is possible to 
excel in flexibility and to offer a light and thin loudspeaker built-in 
image display device (flexible display) so that clearly also from the 
above explanation. Moreover, the image display device of this invention 
is easy to carry, and it can install it also in a curved-surface-like 
wall. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline top view showing an example of the image 
display device which applied this invention. 

[Drawing 2] It is the outline sectional view of the image display device 
shown in drawing 1 . 

[Drawing 3] It is the outline sectional view in which showing the 
example of a configuration of a thin film loudspeaker, and showing the 
condition that (a) carried out the outline sectional view of a piezo 
film, and (b) carried out the laminating of the electrode. 
[Drawing 4] It is the outline sectional view showing the example of a 
configuration of a pixel display. 

[Drawing 5]. It is the mimetic diagram showing the example of a 
configuration of an organic electroluminescence layer. 
[Drawing 6] The example which prepared the opening between the thin film 
loudspeaker and the transparence substrate is shown, and an outline 
sectional view [ in / (a) and / in (b) / the x~x* line of (a) ] and (c) 
are the outline sectional views in the y-y* line of (a). [ an outline top 
view ] 

[Description of Notations] 

1 Transparence Substrate, 2 Pixel Display, 3 Thin Film Loudspeaker, 3a 
Piezo Film, 3B, 3C Electrode Layer, 4 Opening, 22 Organic 
Electroluminescence Layer, 22a Electron Hole Transportation Layer, 22B 
Organic Luminous Layer, 22C Electronic Transportation Layer 
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[Drawing 1] 
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[Drawing 3] 
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